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SLM4RY P.AGE

7WE PROBLEM

To develop a task and stimulus set that can be used for
studying aural classification of transient scaar signals.

MHE FINDINGS

We extracted fifty, one-seacnd segments fram extended
recordings of underwater aouustic events. Using transcripts of
the recording sessions and the judgments of two sonar qoerators,
eadc of these fifty signals was put into one of eight categories.
Two listeners re able to categorize these fifty signals,
presented individually.

APPUCATICN

These pre'iminary results suggest that this set of fifty
signals and eight categories can be used for further testLng of
aural classification ability.

This research was conduted under Office of Naval Fesearch
Work Unit 61153N-RR4209.001--(4424207. It was submitted for
review on 6 January 1989, approved for release on 23 June 1989,
and designated as NSMRL Rqport No. 1142.
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ABSTACr

We extracted fifty, on-seccn segme~nts from extended
recordings of underwater acoustic events. Using transcripts of
che recording sessions and the judgennts of two soiar oprators,
eachi of these fifty signals was pit into cne of eight categories.
Two akditicnal listeners were tested on their ability to
categorize these fifty signals when presented individually.
Feedback was given for three exeplars from each of the eight
categories. The other twenty-six signals were used as probe
stimuli to test listeners' abilities to generalize the category to
other stimuli fcr which they did not rmcive feedbli". Listeners
performed well cn the task. 7hey attained 98.0% correct juagents
on the examplars and 88.1% correct judgments an the probes. The
two listeners showed similar patterns of errors. Finally, we
report anecdotal evidence ocncerning the role of attm-nticral
processes in the classificaticn of these stimili. The results
suggest that this stimulus set and classificaticn task arr
appropriate for further testing to determine stimulus features and
attentional processes underlying aural classification.
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The auiitcry system cttains irpc-tazrt information about the
envirawent by classifying acoustic events into meaningful
categories. However, most research on auditory procses bears
only indirectly on the ability to classify acoustic signals.
Traditionally, psycwoaccustics has studied basic properties of
the sensory --yscen with simple tasks, such as detection or
discrimination, and has used simple stimuli, such as tones and
white r,.)ise. With the exeption of s~eedch, classification s-tudies
have teixled to use stimulus sets synthesized with arbitrary
stimulus dimensions. The present paper is a preliminary report on
the ,ivelcpnent of a classifica.tion task to be used to examine
awutory features and processes with realistically complex
signals. We report on listeners' abilities to classify a set of
stimli selected from underwater recordings of brief acoustic
events. To the extent that listeners can categorize these
stimuli, there are potentially important perceptual distinctions
being made by the auditory system. Real-world signals have the
advantage that they possatss the ccaplexity of typical auditory
signals rather than the artificial struture of synthetic signals.
Thus, the perceptual distinctions, or features, that the auditory
systm us with these stivl-*1 are potentially important
properties of other stimuli as well.

METHOD

signal. Fifty cne-seoxd segments were extracted from digitized
underwater reoordings of transient signals. The signal durations
ranged from tens to hundreds of millisecods and were
approximately centered within the one-secord sample. Te
recordings had been &Lgitized at a 12.5 kHz sampling rate with 12
bits of linear encodirn of amplitude. A preliminary
classification of the fifty events into eight categories ws
performed based on transcripts of the recording sessions and in
consultation with two sonar operators who listened to the
recordings in their original context (prior to extraction). For
each of the eight categories, three exemplars were chosen that
reresented good-quality samples with minimal ambiguity regarding
the accuracy of the classification.

Aart. Stimuli were presented over 16-bit digital-to-analog
conerters and low-pass filtered at 5 kHz. A programmable
attenuator adjusted the amplitide of each signal to a comfortable
listening level. An electronic switch gated the stimuli with
20-ms, sine-squared ramping. stimuli were presented to the right
eauphone of a Secrriheiser HD430 headset.

?. on each trial, one stimulus was presented and the
listener classified it into one of fcur or eight categories.
Trainig proced in two phases. In the first, only the
exemplars from categories one through four were presented within
certain blocks and only exemplars from categories five through
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eight were presented witJ .1 the other blocks. Feedback was given
on every trial. These :...ed sets were used to facilitate the
learning of category labels. After several blocks of trials with
each set, a second pase of training was started ure exelars
from all eight categories were mixed within a block of 72 trials.
Feedback was again given on every trial. After listeners attained
essentially perfect performance on thizs task, the test phase of
the experiment began. Each of the fi t-y stimuli was presented
once within a block of fifty trials. If an exe•plar was
presented, feedback was given. However, if the stimulus was ame
of the twenty-six stinuli that was not an exenplar (such stimuli
will be called probe stimuli), no feedback was given. Tweenty-fcur
blocks of trials were collected during the test phase. These
blccks were run over three days. One pracL.ce block with only the
.cemplar signals was run at the begiiring of each day.

t . Two laboratory personnel, one of whom was the author,
served as listeners. Each had normal hearing sensitivity (less
than 15 dB HL at octave frequencies from 250 to 8000 Hz). Both
had been involved in the stimulus Dreparaticn and were very
familiar with the signals prior to testing.

RESUMPS

After fewer than 500 practice trials, both listeners were at
essentially 100% cozTect classification of the 24 exemplars into
the eight categories. Naive listeners would presumably require
more training time. Table I shows the confusion matrix for the 24
eyx•enlars from the practice blocks that contained all eight
categories (including the practice block collected prior to the
test blocks on each day). The first listener made too few errors
to show any consistent pattern of confusions. The second
listener's data show a more definite pattern. Her confusions tend
towards two groupings. confusions exist among the stimulus
categories 1, 2, 3, and 7 as one grouping ard among categories 4,
6, and 8 as a second grouping. In fact, confusicns for tne first
listener are generally consistent with this pattern. This
oosistency suggests that the stimuli are perceived and
catagorized similarly for the two listeners albeit more reliably
by the first listener.

2



Table I

O(nfusionr matrix for the practice blocks. Each entry
reresents the rmmter of ti a listanr gave a particular
response to a particular stimulus.

Listener 1:

1 2 3 4 5 6 7 8
Stimulus

1 72 - - - - - - -

2 - 68 2 - - - 2 -
3 - 1 71 - - - - -

4 - - - 71 - - 1 -
5 - - - - 72 - - -
6 - - - 1 - 70 - 1
7 1 - - - - - 71 -
8 - - - - - - - 72

Listener 2: Pasponse
1 2 3 4 5 6 7 8

Stimulus
1 69 - 3 - - - - -

2 1 64 4 - - - 3 -
3 1 7 64- - - - -

4 - - - 70 - 2 - -

5 - - - - 72 - - -
6 - - - - - 68 - 4
7 - 2 - - - - 70 -
8 - - - - - 4 - 68
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Table II skhs the cafusico matrix for the 24 eaemplars f,%n
the test phase. Of course, both listeners had fewr oonfusicms
than during the practice sessions, but those that were md art
gererally consistent witla the pattern frim the practice sessiorz.
Mhe seccnd listener's cnfnusions are among categories 1, 2, 3, and
7 or among 4, 6, and 8. 7he first listner had only five
confusions out of almost 600 trials, too few to evaluate a
pattern.

Table II

coifusion matrix for the eemvplars from the test blocks.
Each entry represents the number of times a listener gave a
particular response to a particular stinulus.

Listener 1:
Response

1 2 3 4 5 6 7 8
Stimulus

1 72 - - - - - - -
2 - 70 1 - - - 1
3 - 1 71 - - -

4 - - - 71 - - 1 -
5 .- 72 - - -

6 . . . . . 71 1 -

7 .- 72 -
8 . . . .- - 72

Listener 2: Response
1 2 3 4 5 6 7 8

Stinulus
1 72 - - - - - - -
2 2 69 - - - - 1 -
3 - 4 68 - - - - -

4 - - - 72 - - - -
5 - - - - 72 - - -
6 - - - - - 72 - -
7 - - - - - - 72 -
8 - - - 2 - 9 - 61
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Listeners were also able tc consistently classify the prcte
stinmili although not with the saze reliability as for the
exemplars. For twenty-three cut of twenty-six stimuli, both
listeners had the same modal response, i.e., the most ocmn
respone was the sane. For fifteen of the stimuli, the modal
response represents more t!•n 95% of the respoes. For 19 of the
stimuli, the modal response represents at least 85% of the
responses. Five of the seven stimnli that had fewer than 85% of
their rsses in a single category were poor stizuli in that
either 1) an extraneous event was included in the l-sec sample, 2)
the preliminary classification of the event was aubiguous, or 3)
the original recording was muffled. Ncnetheless, the modal
response agreed with the preliminary classification of each prcbe
exept for those three stiumli where the modal resporne "es
different for the two listeners, in himch case one listener's
modal resne differed frx the prelimn)ary classification.

Table MIla

COonfusion matrix for the probe stimuli fr the test blocks.
Each entry represents the number of times a listener gave a
particular response to a particular stimulus.

Listener 1:
Paspone

1 2 3 4 5 6 7 8
Stimulus

1 48 - - - - - -

2 - 40 7 - - - 1 -
3 - 1 118- - - - 1
4 - - - 98 - 6 - 16

6 . . . . . 119 - 25
7 .- 48 -
8 . .. .- - 96

Listener 2:

1 2 3 4 5 6 7 8
StinLLus

1 47 1 - - - - - -

2 - 40 8 - - - - -

3 - 6 96 - - 17 - 1
4 - - - 104 - 14 -

6 - - - 15 - 120 - 9
7 - 3 - 6 - - 39 -
8 - - - 10 - 86
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Table llMa shkows the omzfusion matrix for each listener for
the probe stinuli. Oice again, the first listener classified the
stimuli more reliably than the second. Although many of the
confusion are onxsistent with those iade with the exemplars, many
are not. Most of these row afusions are due to the 5 stimuli
that might be considered poor stimuli based on the criteria
discussed in the previous paragraph. Table Ilib sham the
confusion matrix %hen these five stimuli are excluded from the
analysis. With one emoeption, the mt o imn confusions are
between categories 1, 2, 3, and 7 as one groping and among
categories 4, 6, and 8 as a separate grouing. we confusions
are the sam as thoe found with the exemplars. TIh exception is
that eac listener onc respcded category 8 to a category 3
stimulus. Many of the confusions are a response of category 6 or
8 to a category 4 stimilus. In wmunary, classification of the
probes is quite good, with minor exceptions probably due to the
quality of original signals. Listeners' classifications agree
with those based on prior listening in a fuller context using
recording transcripts. Furthermore, the pattern of confusions is
similar for exemplars and probes.

Table 11b

Confusion matrix for the probe stimuli from the test blocks.
Five stimuli have been excluded from the analysis. Each entry
represents the number of times a listener gave a particular
respcise to a particular stivulus.

Listener 1:

1 2 3 4 5 6 7 8
Stimulus

1 48 - - - - - - -

2 - 22 1 - - - 1 -
3 - - 71 - - - - 1
4 - - - 98 - 6 - 16

6 . . . . . 119 - 1
7 .- 24 -
8 . . . .- - 96

Listener 2: Pescane
1 2 3 4 5 6 7 8

stimulus
1 47 1 - - - - - -

2 - 20 4 - - - - -
3 - - 71 - - - - 1
4 - - 104 - 14 - 2

6 - - - 2 - 109 - 9
7 - 1 .- 23 -
8 . . . . . 10 - 86
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DISCLISSICN

The results are enxuzraging in that the task and stimuli seem
appropriate for further testing of auLral classification ability.
Listeners learned to categorize stimuli when feedback was given,
"and this leamrin generalized to probe stimuli for which no
feedback was given (in the excperimental setting). Although some
skepticism is warranted because of the listeners' familiarity with
the signals prior to cesting, it should be noted that the
listeners were generally unaware of whether a particular stimulus
was an exenplar or probe until after feeback was (or was not)
given. Thus, it is unlikely that the listeners used a separate
strategy for the probe stimuli based on rmembered
classifications of them. It is still possible however, that, due
to their prior experience, the listeners learned more general
categories than would be learned by a naive listaenr who would
only learn the categories from the exenplars. It is certainly to
be expected that naive listeners will require mach more training
than required for the listeners in this experiment. It is also
possible that learning may be facilitated by gcroig the
cxnfusable stimuli during the initial training phase. That is,
stimili 1, 2, 3, and 7 could be used as one set and 4, 5, 6, and 8
in t rather than 1-4 and 5-8 as was ckne in this
experiment.

Several other observations are rKtwrthy concernin
attentional processes that facilitate classification of these
signal events. First, the one-second stimulus duration was chosen
as a minimal duration which allowed a clear perception of the
event. With briefer durations the stimuli were more difficult to
hear, possibly because of the proximity of the onset or offset to
the event. For same stimuli, the percept was noticeably less
clear when the onset was less than 300 sec from the event.
Secnrd, the signal events were often math clearer in the 1-sec
presentation than when presented in the full context of an ongoing
stream of information. This observation held even when the full
cxntext of 8-25 sec was played repeatedly and the listener could
attend to the specific event. twther this effect is due to
temporal uncertainty or the competing prsence of other perceptual
information is unclear. This effect presumably reflects the
processing time required for classification in oambination with
memory limitations on the amount of sensory information that can
be stored in preprocessed/precategorized form. Finally, a form of
automaticity develops for the categorization of these events.
Classification boxms less effortful and les onscious. In
fact, after repeated exposure to these sounds, nonexperimental
sounds oocurring in the normal environment seemed to grab the
listener's attention rather than being perceived incidentally.
Although anecdotal, these observaticns bear on the c-mplexity of
the classification process and attentional mechanism that
determine the salience of particular information.

7



C_-_ ICIKS

Sist.• e could accurately classify a set of 50 brief sonar
signals. Even for stimuli where no feedback was given, acracy
was generally good and the errors that iwre made were similar to
those mane ox stimuli with fedback. The results; when rn fedack
was given suggest that listeners learn a perceptual category
rather than merely developin the ability to assign resjxwes to
individual stimuli. muLs, twese preliminary results are
enicouragiM ni indicating that this stimulus set and
classification task can be used to study aural classification with
real acoustic signals. Future experiments can manipulate these
signals to identify the iiportance of particular stimulus
information and can modify the task to examine attentional
factors.

The present results will be incrporated into a technical
report evaluating the inportance of envelope cies for aural
classification.
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